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Nanosized La0.9Ca0.1MnO3 perovskite-type crystalline complex oxides have been prepared at the
low calcination temperature of 300 °C. The preparation procedure was carried out by the two-step
process of amorphous formation and calcination. The amorphous phase was obtained by the reaction
of metal ions with tetrabutylammonium hydroxide at 245 °C, and then calcined at 300 °C �sample
A� or 400 °C �sample B� to prepare the nanocrystalline materials. The magnetic measurement shows
that spin-glass behavior exists at 45 K and the blocking temperature increases with an increase of
calcination temperature. The result of the spin-glass temperature of 45 K demonstrates that the
particle size of the two samples A and B is below 50 nm. The increase of blocking temperature from
A to B indicates that the particle size of A is less than that of B. The measurement of the normalized
resistivity versus temperature for samples A and B shows that they have the change of the
normalized resistive value at 230 K. © 2002 American Institute of Physics.
�DOI: 10.1063/1.1513880�

I. INTRODUCTION

Perovskite-type Ln1�xAxMnO3 �A representing divalent
cations such as Ca, Sr, or Ba� compounds have been of in-
terest for many years due to their special magnetotransport
properties.1–4 As Ln3� metal ions were partially replaced by
divalent ions A2�, a mixed Mn3�/Mn4� valence was ob-
served. The magnetic coupling between neighboring Mn3�

and Mn4� ions �double exchange� results in metallic conduc-
tivity and ferromagnetic characteristics.5–7 When the size of
this kind of material becomes nanometer scale, their proper-
ties obviously change. For example, the temperature depen-
dence of magnetoresistance is improved and the onset of the
freezing behavior of surface spin-glass takes place at 45 K
when the nanoparticle size is below 50 nm.8 As these nano-
particles are prepared above 500 °C,9 they connect strongly
with each other and the capping ligand on the surface of
nanoparticles. In order to study the effect of the capping
ligand on the resistivity of La0.9Ca0.1MnO3 �LCMO� nano-
particles and further demonstrate the feature of surface spin-
glass, we used another preparation method at 300 °C to ob-
tain LCMO nanoparticles. In general, chemical methods such
as sol-gel9 and metal complex decomposition10 have been
used to prepare this kind of nanoparticle. Herein we report
the preparation of LCMO nanoparticles at lower temperature
and the freezing temperature of spin-glass behavior at 45 K.

The preparation procedure was performed by the two-
step process of amorphous formation and calcination. The
first step is the formation of the LCMO amorphous phase,
and further, the LCMO nanocrystal is obtained by low-
temperature calcinations in the air. Magnetization measure-
ment demonstrated that the onset of freezing temperature of
spin-glass behavior is at 45 K.

II. EXPERIMENTAL DETAILS

A. Starting materials

The chemicals used in this work include: lanthanum ni-
trate hexahydrate �La(NO3)3•6H2O, �99%, Aldrich�, cal-
cium chloride (CdCl2 , Aldrich�, manganese chloride
(MnCl2•4H2O, reagent grade, Matheson Coleman & Bell�,
diethylene glycol �99%, Alfa Aesar�, and tetrabutylammo-
nium hydroxide �1.0 M solution in methanol, Aldrich�.

B. Experimental procedure

The LCMO nanocrystals were prepared by an
amorphous-calcination two-step synthesis route. First, the
lanthanum nitrate hexahydrate, calcium chloride, and manga-
nese chloride were added into 150 mL of diethylene glycol,
respectively. The temperature was raised to about 120 °C and
the solution was stirred for 1 h. After the metal salts were
dissolved, tetrabutylammonium hydroxide �TBAH� was rap-
idly added and stirring of the solution was continued for one
additional hour. The solution was heated to 245 °C and re-
fluxed for 12 h. After cooling to room temperature, the
brown colloidal particles were separated by centrifugation.
The particles were then redispersed into ethanol, sonicated
for 5 min, and separated again from the liquid. By repeating
this procedure four times, the amorphous LCMO phase was
obtained. After the amorphous material was calcinated at
300 °C in the air for 10 h, the LCMO nanocrystal was
obtained.

X-ray powder diffraction �XRD� data were obtained at
room temperature using a Philips X’Pert-MPD. The thermo-
gravimetric analysis �TGA� was carried out on a TA Instru-
ments Thermal Analyst 2000 System. The magnetic mea-
surements were performed by using a Quantum Design
MPMS-5S superconducting quantum interference device
magnetometer. The resistivity of two pellet samples wasa�Electronic mail: tji@uno.edu
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measured using a Quantum Design Physical Properties Mea-
surement System �PPMS�.

III. RESULTS AND DISCUSSION

Metal hydroxide was first formed by using the organic
base TBAH at low temperature. Further, at a distillation tem-
perature of 245 °C, an amorphous phase demonstrated by an
XRD pattern �Fig. 1�c�� was prepared. TBA� as capping
ligand cation bound onto the surface of the amorphous
phase, and this amorphous material can be separated easily
from the alcohol solvent. Then the amorphous powder was
centrifuged and washed four times with anhydrous ethanol.
After the dried amorphous material was heated at 300 °C
�Fig. 1�a�, sample A� and 400 °C �Fig. 1�b�, sample B� in the
air, respectively, the perovskite-type LCMO was obtained.
From this figure, the crystalline size was estimated by apply-
ing the Scherrer equation as follows:

D��57.3 k��/�� cos ��,

where k is particle shape factor �generally taken as 0.9�, � the
wavelength of Cu K�1 radiation �1.540 56 A�, � the cali-
brated half intensity width of the selected diffraction peak
�degrees�, � the Bragg angle �half of the peak position angle�,
D the crystallite size, and the factor 57.3 is used to convert �
in degree to radian measurement. From the equation the av-
erage size of the samples A and B was about 11 and 15 nm,
respectively.

The TGA measurements were performed in a flow of air.
The TGA results for the amorphous powder �Fig. 2� show
different regions of weight loss as observed in the TGA
curve with the increase of temperature from room tempera-
ture to 700 °C at the rate of 10 °C per min. The first region
from room temperature to 230 °C corresponds to the loss of
absorped organic molecular ethyl alcohol and the dehydra-
tion reaction of hydroxide. The second region of weight loss
from 230 to 250 °C is due to the desorption of diethylene
glycol �boiling point 245 °C�. Although the hydroxide dehy-
dration reaction of metal ions took place at 245 °C to form
the amorphous phase, a crystalline structure was not formed
yet.

Figure 3 shows the temperature dependence of the mag-
netization via zero-field-cooled �ZFC� and field-cooled �FC�

processes with an applied field of 50 Oe for the two LCMO
samples. The ZFC curves in Figs. 3�a� and 3�b� exhibit a
typical blocking process with the blocking temperature at
150 and 160 K, respectively. As the two powders were not
pressed under pressure, the interaction energy between par-
ticles is assumed not to change.11 The blocking temperature
(TB) is given as follows:

TB�Ea /kBIn� t f 0�,

where Ea is the anisotropy barrier that can be determined by
Ea�KV in which K is the anisotropy energy density con-
stant and V is the volume of particle; t is the experimental
measuring time and kBIn(t f 0) can be treated as a
constant.12–14 Thus generally TB increases with an increase

FIG. 1. XRD pattern of the La0.9Ca0.1MnO3 nanoparticles prepared at cal-
cinations temperature 300 °C �a�, 400 °C �b�, and the amorphous phase �c�.

FIG. 2. TGA of the amorphous phase which was heated from room tem-
perature to 700 °C in a flow of air.

FIG. 3. Temperature dependence of low-field ZFC-FC magnetization of the
nanosized La0.9Ca0.1MnO3 for two samples A and B is shown. Insets are the
detail of the FC branch for samples A and B showing the sudden decrease of
the magnetization at about 45 K.
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of V. This result indicates that the particle size for the cal-
cined sample at 400 °C �sample B� is bigger than that of the
sample calcined at 300 °C �sample A�. At the same time, the
FC curves reveal the existence of a sudden increase of the
magnetization of the two samples at the same temperature
TF�45 K, in agreement with the literature.8,15 This is be-
cause the surface spin-glass layer of the two nanosized
LCMO is suddenly frozen. As the spin-glass-like transition
disappears for particle size above 50 nm, this result further
demonstrates that the nanoparticle size for the two samples is
below 50 nm, in agreement with the calculation of the Scher-
rer equation from the XRD pattern.8 Additionally we did not
observe monodispersive nanoparticle size due to the connec-
tion of particles calcined at high temperature.

Figure 4 shows the hysteresis loop at 10 K for the two
samples. From Fig. 4�a�, the coercivity and remnant magne-
tization for sample A are 19 emu/g, 500 Oe and 5 emu/g, but
for sample B, 14 emu/g, 400 Oe and 2.5 emu/g, respectively.
Generally magnetization and coercivity of LCMO material
are dependent on the composition of divalent cation A,16,17

temperature,18 lattice effect,19 and particle size.8 Because we
use the same composite sample to measure the hysteresis
loop under the same condition, the magnetization and coer-
civity only depend on lattice effects and particle size. Al-
though the above results demonstrate that the nanoparticle
size of sample A is less than that of sample B, which would
lead to larger magnetization and coercivity of sample B,10 on
the contrary, the magnetization and coercivity of sample A
are larger. It may be explained from the lattice effect due to

a strong Jahn–Teller electron phonon coupling.19,20 At low
calcination temperature, sample A might have a much more
remarkable distortion of the surrounding lattice.

The calcinated powder of the two samples was pressed
into pellets under the same high pressure so that they could
be measured for the temperature dependence of resistivity.
Figure 5 shows the temperature dependence of the normal-
ized resistivity �R(T)/R(300 K)� for the two pellets. From
the curves the normalized resistive value has obvious change
at 230 K and below this temperature the sample B has a
bigger value than that of the sample A. Lower temperatures
could not be measured because the resistivity value of
samples A and B extended beyond the measurement range of
the instrument.

IV. CONCLUSIONS

The La0.9Ca0.1MnO3 nanoparticles have been prepared at
300 °C by a two-step amorphous-calcination synthesis route.
The results of magnetic analysis show that a freezing tem-
perature (TF) due to spin-glass behavior is observed at 45 K,
which demonstrates that the particle size of samples A and B
is below 50 nm and the blocking temperature (TB) shifts
from 150 to 160 K with the increase of calcination tempera-
ture from 300 to 400 °C. We propose that the Jahn–Teller
effect causes the magnetization and coercivity of sample A to
be larger than those of sample B. The measurement of the
normalized resistivity versus temperature for samples A and
B shows that they have the change of the normalized resis-
tive value at 230 K.
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